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Abstract: The ever-increasing clock speeds on  printed circuit board (PCB) have enhanced PCB traces to  become efficient 
radiators o f  electromagnetic energy. Conventionally, the radiated emissions (REs) o f  electrically short PCB traces are 
estimated using expressions developed based on  electric/magnetic dipole antenna. In this study, a novel method was 
proposed t o  estimate RE f r o m  electrically long PCB traces. In  this method, the differential-mode (DM) RE was 
estimated using the transmission-line theory and dipole antenna model, whereas the common-mode (CM) RE was 
computed by  a combination o f  imbalance difference model and a dipole antenna. Conceptually, the electrically long 
trace was chunked into mult iple electrically short segments and the fields o f  each segment were superimposed t o  
obtain the net radiated fields. Additionally, closed-form expressions were derived t o  estimate the DM REs f rom 
electrically long PCB traces based o n  dipole antenna model. On the other hand, CM RE was predicted b y  line 
integration o f  CM current distribution which was approximated using imbalance difference model and asymmetrical 
dipole antenna model. The effectiveness o f  the proposed method was verified using compact single-sided PCB by  
comparing the computed results with the measured results taken in  a semi-anechoic chamber, and a good agreement 
with accuracy more than 90% was observed for upper bounds of the REs. 
1 Introduction 
The ever-increasing clock speed on printed circuit board (PCB) to 
several gigahertz has enhanced PCB traces to become efficient 
radiators of electromagnetic energy. Naturally, PCB traces can 
generate both differential-mode (DM) and common-mode (CM) 
radiated enlissions (REs) which are produced due to DM and CM 
currents, respectively. Although CM current is typically much less 
than DM current, the CM RE value is much greater than that of 
DM current [l-31. Hence, properly designed PCBs can offer a 
cost-effective approach to achieve electromagnetic compatibility 
(EMC) compliance. Hence, the consideration of EMC during the 
design phase is becoming critically important. 
Although DM/CM RE have been estimated successfully using 
expressions in [2], those expressions are not applicable for electrically 
long traces where the trace length becomes comparable with the 
wavelength since they are derived based on Hertzian dipole antenna 
where the current is assumed to be uniform along the trace. 
Additionally, the estimation of CM RE using that expression involves 
the measurement of CM current using current probe which is a 
tedious task due to the dependency of CM current on position and 
frequency. Later, in other studies, the DM RE is estimated using 
closed-fonn expression that is elaborated based on a transmission-line 
model and modified Green's function 14, 51. However, it requires 
intensive computation to compute all radiated fields in the entire sphere. 
In this paper, an alternative approach is proposed for estimating 
both DM and CM RE from PCB traces. First, DM RE is predicted 
by dividing the electrically long trace into many electrically short 
segments. Then, the RE from each short segment is computed 
using the formulation described in [2] for DM RE. Although this 
method provides accurate results, it is a time-consuming method 
due to the massive calculation of RE for all segments. Therefore, a 
closed-form expression is derived based on dipole antenna and 
transmission-line theory for predicting the maximum DM RE from 
PCB traces as shown in Section 2. 
Secondly, a novel approach is presented for estimating CM RE 
from PCB traces by a combination of imbalance difference model 
and asymmetrical dipole antenna in Section 3. The imbalance 
difference model explains how the DM signals can induce CM 
signals on the nearby metallic structures [6]. Although imbalance 
difference model has been demonstrated successfully in identifying 
and quantifying CM voltage sources at the junctions where the 
imbalance change occurs [7], it is never adopted before for 
estimating CM RE from PCB traces but asymmetrical dipole 
model has been adopted for estimating CM RE in several studies 
before [8-111. Such studies have investigated the CM RE not from 
PCB traces but from the cables attached to a conductive enclosure. 
In this paper, the imbalance difference model is used to locate and 
quantify the CM voltage source on the PCB while the signal trace 
and the ground plane in microstrip PCB are modelled as 
asymmetrical dipole antenna. The CM current is approximated 
using the identified CM voltage and the input impedance of the 
asymmetric dipole. Then, the maximum CM RE can be predicted 
once the CM current distribution on the dipole arms is known. 
Quantitatively, this method would be acceptable from the design 
point of view if the error between analytical modelling and the 
measurement do not exceed 10% in the worst case. However, in 
this paper, this method has provided results with accuracy about 
90.07% in loaded circuit configuration as a practical case. For an 
actual complex PCB that are populated with several traces, this 
method can be used to estimate the total RE by computing the RE 
for each trace, and then the net RE can be computed as the 
superposition of all radiated fields from all traces. However, in this 
research work, a single-sided PCB is employed to verify the 
proposed method. The overall RE is calculated as the total sum of 
DM and CM RE. The computed results of total REs are then 
validated and compared with the total results of PCB RE which is 
taken from the semi-anechoic chamber (SAC) and good 
agreements are obtained between the two results. This paper is 
structured as follows: Section 2 shows the estimation of DM RE 
dipole antenna and the transmission-line theory. In Section 3, the 
CM RE is estimated based on imbalance difference theory and 
asymmetrical dipole antenna. Section 4 describes the PCB under 
test for measurement of SAC. In Section 5, the obtained predicted 
IET Sci. Meas. Technol., pp. 1-10 
0 The Institution of Engineering and Technology 2015 









